Introduction
We have proposed an "organic radical battery" (ORB) in which stable organic radicals such as a nitroxide radical are applied to the electrode active material of a rechargeable battery. In the ORB an organic radical polymer poly(4-methacryloyloxy-2,2,6,6-tetramethylpiperidine-N-oxyl) (PTMA) 1 bearing a 2,2,6,6-tetramethylpiperidine-N-oxyl (TEMPO) radical was first used as a cathode active material. We reported that an Allaminated film packaged battery using PTMA might be suitable for high-power applications. 2 We very recently synthesized poly(4-vinyloxy-2,2,6,6-tetramethylpiperidine-N-oxyl) (PTVE) so as to improve the capacity of the ORB. The theoretical capacity of PTVE (135 mAh/g) is far higher than that of PTMA (111 mAh/g). 3 In this work, with a view to improving highspeed charge and high-output discharge properties of the ORB using modified PTVE copolymer, we have modified PTVE with ethylene oxide. We describe here the charge/discharge characteristics of a Li/copolymerized PTVE coin-type cell.
Experimental
The modified PTVE was synthesized by copolymerizing a vinyl ether monomer having a TEMPO radical and one having an ethylene oxide chain (Scheme 1).
Copolymerization of 4-vinyloxy-2,2,6,6-tetramethylpiperidine-N-oxyl and an ethylene oxide substituted vinyl ether were carried out in dichloromethane and boron-trifluoride diethyl ether complex as a polymerization initiator for 20 h. The synthesized polymer structure was confirmed by IR spectrum measurements.
Battery charge/discharge characteristics were evaluated by using measurements performed on a coin-type cell (2320 type) at 25°C. This coin-type cell was fabricated as follows. A modified PTVE/VGCF composite electrode (PTVE 10 wt%) under vacuum was immersed in 1 M Lithium bis(pentafluoroethanesulfonyl)imide (LiBETI) in ethylene carbonate (EC)/diethyl carbonate (DEC) (3:7 v/v), which was then allowed to seep into voids on the electrode. The electrolyte-impregnated electrode was then overlaid with a polyolefin-porous film separator and lithium metal and placed within a stainless-steel package with insulation packing. The entire package was closed shut by applying pressure.
Results and Discussion
It is necessary to retain the electrolyte with organic radical polymers in order to see the high rate discharge properties of the ORB. We therefore synthesized PTVE copolymerized with an ethylene oxide chain in order to vary the swollen state of the PTVE. We investigated the discharge properties of the Li/modified PTVE coin-type cell at various discharge rates (1C to 20C). Figure 1 plots the results of these discharge measurements. Although PTVE homopolymer and PTVE with ethylene oxide show a lower capacity of 80 and 75 mAh/g respectively at a 20C discharge, the PTVE with tri(ethylene oxide) exhibits a capacity of 97 mAh/g, which corresponds to 85% of its capacity at 1C (114 mAh/g). As a result, we found that modifying PTVE with tri(ethylene oxide) was very effective to improve the high-rate discharge properties of ORB. Since the swollen state of the polymer was changed by the substituent, the ionic conductivity and flexibility of the polymer was influenced by the ethylene oxide chain. These high-rate discharge characteristics of PTVE with tri(ethylene oxide) are related to the swollen state.
Conclusion
We synthesized a modified PTVE with ethylene oxide and observed charge/discharge characteristics of a Li/copolymerized PTVE coin-type cell. We found clearly that it is important to control the swollen state of the polymer. The research suggests a strong correlation between the polymer structure and high-rate properties. The high capacity and excellent high-rate properties of PTVE indicate that it will have a wide range of potential applications in new power sources. Current density (C-rate) Specific capacity (mAh/g) Figure 1 . Discharge properties of modified PTVE at various discharge rates (1C to 20C).
